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Abstract: To handle them holistically, this paper begins by proposing an online RC damper in parallel 
using the passive filter capacitor. Active damping and harmonic compensation is a couple of common 
challenges faced by LCL-filtered current source converters. The virtual damper is positively placed by 
feeding back the passive capacitor current via a high-pass filter, which not directly, furnishes two 
superior features. This will attract with high-performance applications, but has presently not been 
achieved by existing schemes. Performance from the suggested plan continues to be tested within the 
laboratory with results acquired for demonstrating stability and harmonic compensation. Those are the 
minimization of phase lag felt by a standard damper and also the avoidance of instability brought on by 
the negative resistance placed unintentionally. Furthermore, using the virtual RC damper, the regularity 
region, within that the harmonic compensation works well, could be extended past the gain crossover 
frequency. 
Keywords: Active Damping; Harmonic Compensation; Resonance; Stability; Voltage Source Converters; 
I. INTRODUCTION 
Starting with selective harmonic compensation, the 
style of resonant controllers for converters with L 
filters has presently been extensively recorded, 
where it's been proven that harmonics to the 
Nyquist frequency could be effectively 
compensated. To prevent unnecessary 
complications, resonant controllers for LCL-
filtered converters are often placed underneath the 
gain crossover frequency, based on the proportional 
gain of the present control loop. The reason would 
be to decouple the soundness of resonant 
controllers in the influence from the LCL 
resonance. Although effective, this method has two 
limitations. The very first is the unintended 
limitation of paying frequency ranges from the 
LCL-filtered converters, than the L-filtered 
converters, whose affect on high-performance 
applications are more prominent. The second 
reason is a sizable safety margin required for 
accounting grid impedance variation, which might 
shift the gain crossover frequency over a variety [1] 
[2]. That shifting could cause phase margin (PM) 
from the overall control system to become reduced 
close to the gain crossover frequency, resulting in 
unstable harmonic compensation. Therefore, it is of 
great interest to increase the regularity 
compensation selection of resonant controllers, 
which theoretically, can be done after damping the 
LCL resonance effectively. Damping of LCL 
resonance is especially essential for an inadequate 
grid, where grid impedance and therefore LCL 
resonance frequency vary broadly. This concern 
can't be overlooked particularly with more 
nonlinear and electronic loads attached to the grid. 
Additionally, when the grid voltages are distorted, 
they have a tendency to result in the grid converters 
to create current harmonics, which frequently 
require using multiple resonant controllers for 
selective harmonic compensation. Active damping 
methods are thus preferred, which could be either 
implemented by cascading digital filters in series 
using the current controllers or feeding back 
additional filter variables [3]. This process is the 
same as the feeding back of capacitor current via a 
low-pass filter, when the relationship between 
capacitor current and current is again considered. 
Identified results of the virtual impedance 
incorporate a shifting of filter resonance frequency 
brought on by its imaginary term, and the 
development of a genuine term which can be 
negative with respect to the ratio from the filter 
resonance to manage frequency. The negative 
resistance, if introduced accidentally, will prove to 
add open-loop right-half-plane (RHP) rods towards 
the control loop, whose closed-loop response will 
possess a non minimum phase characteristic. To 
mitigate the no minimum phase behavior, an easy 
technique is to lessen the computational delay by 
shifting the sampling instant from the capacitor 
current. Another way would be to predict the 
capacitor up-to-date with an observer or perhaps a 
discrete-time derivative controller [4]. This paper 
proposes first an online RC damper for damping 
LCL resonance robustly despite a large grid 
inductance variation. Realizing the damper is 
comparatively easy, involving merely a high-pass 
filter put into the capacitor current feedback loop 
for mitigating results of delays. 
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Fig.1.Proposed system block diagram. 
II. PROPOSED SYSTEM 
For simplicity, the electricity-link current Vdc from 
the ripper tools may be treatable as constant, while 
its grid synchronization bandwidth could be 
assumed as smaller sized compared to grid 
fundamental frequency to prevent unintended low-
frequency instability. The only real condition 
required is perfect for the LCL resonance 
frequency to become placed above one-sixth from 
the system control frequency fs/6, which, is known 
as because the critical frequency. This region is 
however not attractive due to its poorer switching 
harmonic filtering, which generally, compromises 
the objective of getting an LCL filter. Furthermore, 
the wide variation of grid impedance in weak grids 
may shift the LCL resonance frequency inside a 
wide spectrum across fs/6, giving rise to instability 
if no exterior active damping is utilized. The 
interior filter capacitor current feedback loop is 
principally for active LCL resonance damping, 
whose result can be tuned through the active 
damping function Ga (s). The outer grid current 
control loop with controller Gc (s) is, however, for 
regulation purposes, in synchronism using the 
current in the point of common coupling (PCC). 
Both control loops are influenced by control delays 
that have with each other been symbolized [5]. The 
second implies an ineffective active damping using 
the no minimum phase grid current behavior 
expected, because of the existence of open-loop 
RHP rods. the suggested active RC damper, which 
unlike, comes with an additional first-order high-
pass filter incorporated. The resulting transfer 
function can thus be expressed. For evaluating 
sturdiness susceptible to a large grid inductance 
variation, z-domain root locus analysis is 
conducted around the plan. Our prime-pass filter 
employed for the virtual RC damper can next be 
discredited by Tustin transformation that is 
expressed. The rods will however track back inside 
the unit circle as Krc increases, implying stability. 
To conclude, the style of the virtual RC damper 
should proceed by selecting a suitable rc which will 
give a suitable margin between your LCL 
resonance frequency and ?nr. To help strengthen 
appeal of the suggested virtualRC damper, 
comparison one of the three representative cases is 
conducted within the frequency-domain. Transfer 
purpose of the resulting RC damper within the 
synchronous frame is thus provided by the 2nd 
expression, whose implementation involves mix-
coupling, and it is hence more complicated. 
Selective harmonic compensation is conducted by 
putting resonant peaks at frequencies identified for 
compensation. It may be performed within the 
synchronous or stationary frame. For that latter, 
multiple resonant controllers are generally used, 
which for L-filtered converters, happen to be 
demonstrated to pay for harmonics to the Nyquist 
frequency, after presenting the required 
discretization and phase compensation. In keeping, 
they contain a forward Euler along with a 
backward Euler integrator, which for that 
fundamental structure. Fortunately, the no 
minimum phase behavior can be taken off through 
the suggested virtual RC damper, in which the 
frequency range for harmonic compensation can 
hence be extended. More properly, resonant 
controllers will be able to compensate along with 
lengthy his or her frequencies are underneath the 
LCL resonance, where an immediate transition in 
phase occurs. The resonance frequency thus 
remains the real maximum, below which, the phase 
lead ?h required for each resonant controller could 
be approximated. When it comes to harmonic 
compensation stability, so get a telephone to help 
keep ?rc low. For evaluating harmonic 
minimization, a square PCC current with sizable 
low-order harmonics was produced through the ac 
power. By having an incorrectly controlled ripper 
tools, its injected grid current will often be no 
sinusoidal with significant low order current 
harmonics anticipated. These low-order current 
harmonics can however be eliminated by selective 
harmonic compensation to acquire a sinusoidal grid 
current despite the square PCC current. The 
objective of the outcomes presented within this 
subsection is thus to concurrently verify harmonic 
compensation to the LCL resonance frequency and 
frequency-domain analyses presented, after using 
the necessary RC damping demonstrated [6]. 
III. CONCLUSION 
Appropriate design guidelines will also be given, 
which upon being adopted, leads to converters 
having a better sturdiness and also the less 
harmonics whether or not the grid inductance 
varies broadly. This paper presents an all natural 
analysis of active damping and selective harmonic 
compensation for LCL-filtered, grid connected 
converters. The damped system, consequently, 
enables the harmonic compensation to become 
extended until LCL resonance, as opposed to the 
gain crossover frequency. This expectation 
continues to be verified by three experimental 
cases, where the greatest resonant terms happen to 
be placed near to their particular LCL resonance 
frequencies. Experimental results acquired reveal 
that the suggested virtual RC damper dampens 
LCL resonance well using the instability 
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influences, brought on by the machine delays, 
mitigated quickly. 
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